Cardiac hypertrophy, a response of the heart to increased workload, is a major risk factor for heart failure. Myostatin (MSTN) is an inhibitor of myogenesis, regulating the number and size of skeletal myocytes. In recent years, cardiomyocyte autophagy also has been considered to be involved in controlling the hypertrophic response. However, less is known about the detailed mechanism of MSTN on cardiac hypertrophy via regulation of cardiomyocyte autophagy. In this study, we found that the deletion of MSTN potentiated abdominal aorta coarctation (AAC) and angiotensin II (Ang II)-induced pathological cardiac hypertrophy and cardiac autophagy; however, AAC and Ang IIinduced cardiac hypertrophic phenotype and cardiac autophagy were dramatically diminished by MSTN in vivo and in vitro. Mechanistically, the anti-hypertrophic and anti-autophagic effects mediated by MSTN in response to pathological stimuli were associated with the direct inactivation of activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) and activation of the peroxisome proliferator-activated receptor gamma (PPARg)/nuclear factor kB (NF-kB) signaling pathway. Additionally, miR-128 aggravated the progression of cardiac hypertrophy through suppressing its target PPARg. Furthermore, MSTN downregulated miR-128 expression induced by AAC and Ang II. Taken together, MSTN significantly blunts pathological cardiac hypertrophy and dysfunction, at least in part, by inhibiting excessive cardiac autophagy via blocking AMPK/mTOR and miR-128/PPARg/NF-kB signaling pathways.
INTRODUCTION
Cardiac hypertrophy has been regarded as individual myocyte growth in length and/or width, resulting in an increase in heart weight without an increase in the number of cardiomyocytes. Initially, such growth is an adaptive response to maintain cardiac pump function and decrease ventricular wall tension (compensatory hypertrophy). However, with prolonged cardiac hypertrophy, these changes become maladaptive and cause a significant increase in the risk for heart failure, leading to increased cardiovascular mortality. 1 There have been major advances in the identification of genes and signaling pathways involved in this disease process, but the overall complexity of hypertrophic remodeling suggests that additional regulatory mechanisms remain to be addressed.
Myostatin (MSTN), also known as growth and differentiation factor 8 (GDF-8), is a member of the secreted transforming growth factor b (TGF-b) superfamily of secreted growth factors and functions as a potent negative regulator of skeletal muscle mass. 2 This role is most dramatically demonstrated through inactivation of MSTN by engineered deletion and naturally occurring mutations leading to overt muscle hypertrophy in several species including mice and human beings. 3, 4 Functionally, MSTN not only regulates the proliferation and differentiation of skeletal myogenesis, but also plays a decisive role in the regulation of metabolic processes. It has been observed that MSTN expression in adipose tissue is significantly higher in obese mice and obese patients than in normal mice and healthy humans. 5, 6 In transgenic MSTN À/À mice, fat deposition was reduced compared with wild-type (WT) mice. 7 Interestingly, in addition to the basic biological activities of MSTN in the regulation of muscle growth and metabolic processes, under different pathological conditions of the heart, MSTN is also strongly upregulated, arguing for a specific role in cardiac pathophysiology. 8, 9 It has been reported that MSTN expression is increased in cardiomyocytes after cardiac infarction. 10 Recent studies also have in fact raised the intriguing possibility that MSTN may indeed influence cardiac muscle growth, suggesting that it may represent an effect related to the cardiac hypertrophy. George et al. 11 also have reported that MSTN is increased in heart failure patients. However, the underlying molecular mechanisms of MSTN in the regulation of cardiac muscle are still incompletely understood.
Autophagy is an evolutionarily conserved process for lysosomal degradation of proteins and other subcellular constituents. 12 Autophagy is initiated with formation of the double-membrane autophagosomes and subsequently degraded by lysosomes. Autophagy plays a pivotal role in removing aberrant or dysfunctional molecules and intracellular organelles aggregates to maintain cellular function and protein quality. However, excessive levels of autophagy can result in the excessive degradation of organelles and eventually cell death. [13] [14] [15] Accumulated evidence has shown that exaggerated autophagic activity is associated with numerous diseases such as cancer, neurodegenerative disorders, and infectious diseases. [16] [17] [18] Especially, recent studies also illustrate that dysregulation of autophagy contributes to the pathogenesis of various forms of heart diseases, and its function is dose and environment dependent. [19] [20] [21] As we know, cardiac hypertrophy is characterized by increased cell size and enhanced protein synthesis, and is associated with the aggregation of misfolded proteins and damage of organelles, which can be cleared by a bulk degradation autophagic process. 22, 23 A certain degree of autophagy activation is generally an adaptive response to eliminate damaged mitochondria and protein aggregates and compensate for energy loss, whereas exaggerated autophagic activity may foster cardiac hypertrophy development. However, the mechanisms regulating autophagy in cardiac hypertrophy are still poorly elucidated. Accumulated evidence indicated that autophagy could be regulated by AMPK/mammalian target of rapamycin (mTOR) and nuclear factor kB (NF-kB) pathways. As we know, NF-kB is a protein complex that controls a large number of normal cellular and organismal processes and a downstream regulatory protein of peroxisome proliferator-activated receptor gamma (PPARg). Moreover, PPARg was most likely a potential target gene for the miR-128 predicted by miRanda software. Our preliminary experimental results demonstrated that MSTN could inhibit miR-128 expression. Simultaneously, AMPK could be suppressed by MSTN. Therefore, we hypothesize that there is a necessary link between MSTN and autophagy through the AMPK/mTOR and miR-128/PPARg/NF-kB signaling pathways.
In this study, we created transgenic rat with deletion of MSTN to investigate the essential role of MSTN in cardiac hypertrophy and to explore the underlying mechanism. Moreover, we demonstrated that MSTN has a protective effect on cardiac hypertrophy by inhibiting exaggerated autophagic responses. This study suggested that MSTN might effectively rescue cardiac hypertrophy in rat, offering a possible therapeutic approach for cardiac hypertrophy.
RESULTS

MSTN -/-Rats Were More Susceptible to Pressure Overload
To examine whether endogenous MSTN contributed to cardiac hypertrophy, we generated global MSTN knockout (KO) rats. The absence of MSTN in the rat hearts was confirmed by western blot ( Figure S1 ). The results of the echocardiographic examination showed that the parameters of left ventricular dimensions, such as diastolic interventricular septum thickness (IVSd), systolic interventricular septum thickness (IVSs), diastolic left ventricular posterior wall depth (LVPWd), and systolic left ventricular posterior wall thickness (LVPWs), were significantly increased between the rats from the WT+AAC (abdominal aorta coarctation) and MSTN À/À +AAC groups at 10 weeks after AAC. The indices of cardiac systolic function, including left ventricular fractional shortening (LVFS) and left ventricular ejection fraction (LVEF), were significantly decreased between the rats from the WT+AAC and MSTN À/À +AAC groups at 10 weeks after AAC, but there was no significant difference between the rats from the WT and MSTN À/À groups ( Table 1 ). It seemed that AAC resulted in more severe hypertrophic phenotype in MSTN À/À rat than in WT rat. Histological indices revealed that compared with the WT+AAC group, heart size, cardiomyocyte area, and the ratio of heart weight/body weight were significantly raised in the MSTN À/À +AAC group ( Figures 1A-1D ). Furthermore, enlarged cardiomyocyte areas were also detected in angiotensin II (Ang II, a pharmacological agonist, was able to induce cardiac hypertrophy)treated primary cultured neonatal rat cardiomyocytes. Interestingly, successfully silencing MSTN ( Figure S2 ) in vitro could further aggravate the effect of Ang II ( Figure 1E ). Next, we detected hypertrophic biomarker proteins including brain natriuretic peptide (BNP) and b -myosin heavy chain (b-MHC). The in vivo (heart) and in vitro (cardiomyocyte) data showed that KO or silenced MSTN dramatically promoted BNP and b-MHC expression ( Figures 1F-1I ). These data suggested that MSTN deficiency sensitized rat to hypertrophic stimuli and developed a much more severe pathological cardiac hypertrophy.
Both MSTN -/-Rat and Silenced MSTN Cardiomyocytes Were More Susceptible to Autophagy At present, a consensus is emerging in the field that excessive autophagy induced by pressure overload can promote the development of cardiac hypertrophy. We analyzed the ultrastructure of the myocardia by using transmission electron microscopy. Electron microscopic analysis showed that the number of autophagic vacuoles was increased significantly in the MSTN À/À +AAC group compared with the WT+AAC group (Figure 2A ). To further assess autophagosome formation and the autophagosome-lysosome fusion process, we transfected cardiomyocytes with a construct expressing monomeric red fluorescent protein/green fluorescent protein (mRFP-GFP) tandem-tagged LC3 protein to examine the autophagosome maturation process. In merged images, the yellow and red puncta represented autophagosomes and autolysosomes, respectively, because mRFP, but www.moleculartherapy.org not GFP, retained fluorescence in the acidic environment of lysosomes. We observed that the number of autophagosomes was rapidly increased in the silencing MSTN (siMSTN)+Ang II group compared with the model group ( Figure 2B ). Simultaneously, several recognized autophagic marker proteins, including LC3-II, Beclin-1, and p62, were detected by western blot. Consistent with the results of electron microscopic analysis, there were more increases in LC3-II and Beclin-1 protein expression, as well as more reduction in p62 protein expression in MSTN À/À +AAC and siMSTN+Ang II groups in both transgenic hearts and cell preparation compared with the WT+AAC and model groups ( Figures 2C-2H ). These results implied that MSTN deletion was less resistant to autophagy stimulation and produced a much more severe cardiac autophagy in vivo and in vitro.
MSTN Attenuated Cardiac Hypertrophy and Autophagy
Considering the above results, a question we asked was whether MSTN in cardiac hypertrophy was a suppressor to hypertrophic cardiac injuries or was merely a bystander or a consequence of cardiac hypertrophy. To clarify this issue, we investigated the effects of MSTN on cardiac function and autophagy. To detect the anti-autophagy of MSTN against cardiac hypertrophy condition, we explored the best concentrations of MSTN in vivo and in vitro. As shown in Figures 3F ). However, the AAC and Ang II-induced increases in these indices in WT rats and neonatal rat cardiomyocytes were greatly attenuated by MSTN. Furthermore, AAC-and Ang IIinduced increases in hypertrophic marker proteins BNP and b-MHC and autophagic marker proteins LC3-II and Beclin-1, as well as decreases in p62, were also dramatically blunted by MSTN ( Figures 3G-3P ). Collectively, these results suggested that MSTN could closely impact on the development of cardiac hypertrophy and excessive cardiac autophagy in response to pressure overload.
MSTN Attenuated Cardiac Hypertrophy and Autophagy via the AMPK/mTOR Pathway
As we know, AMPK/mTOR is critical in the regulation of autophagy.
To further elucidate the signaling mechanisms by which MSTN acts as a negative regulator in cardiac hypertrophy, we performed western blot on signaling molecules including AMPK, the AMPK phosphorylation target downstream signal mTOR, and cardiac hypertrophic and autophagic marker proteins. First, to establish the cause-consequence relationship between AMPK and mTOR, we modulated AMPK with agonists (A769662) and inhibitors (compound C), and downstream mTOR was evaluated by western blot. Our results demonstrated that A769662 could decrease mTOR expression, and this effect could be reversed by compound C ( Figure S4 ). Second, our results demonstrated that there were more increases in phosphorylated (P)-AMPK protein expression, as well as more reduction in P-mTOR protein expression in MSTN À/À +AAC and siMSTN+Ang II groups ( Figures 4A and 4D ). These results indicated that the AMPK/mTOR pathway might accelerate the process of cardiac autophagy in the setting of MSTN deletion. Third, to further confirm the regulation of MSTN to cardiac hypertrophy and autophagy via the AMPK/mTOR pathway, we silenced mTOR to test whether MSTN regulated cardiac autophagy in mediating the inhibitory effect on cardiac hypertrophy. We found that small interfering RNA (siRNA) targeting mTOR suppressed the protecting effect of MSTN on cardiac hypertrophy ( Figures 4E and 4F ). Simultaneously, silencing mTOR ( Figure S5 ) also dramatically abolished the inhibitory effect of MSTN on cardiac autophagy ( Figures 4G-4I ). Finally, the in vivo and in vitro results demonstrated that MSTN significantly repressed P-AMPK protein expression and promoted expression of P-mTOR and its downstream protein p70S6k ( Figures 4J-4O ). Taken together, our data suggested that MSTN blocked excessive cardiac autophagy partially through the AMPK/mTOR pathway, thereby repressing cardiac hypertrophy development.
MSTN Attenuated Cardiac Hypertrophy and Autophagy via the PPARg/NF-kB Pathway
As already mentioned, in addition to the AMPK/mTOR pathway, other pathways such as the PPARg/NF-kB pathway are also crucially involved in the regulation of cardiac autophagy and hypertrophy. 24 To understand another signal pathway associated with the cardiac autophagy and hypertrophy regulated by MSTN, we examined the expression of PPARg, NF-kB, and cardiac hypertrophic and www.moleculartherapy.org autophagic marker proteins. Consistent with the AMPK/mTOR pathway, KO (in vivo) or silenced MSTN (in vitro) caused more increases in NF-kB protein expression, as well as more reduction in PPARg protein expression, in MSTN À/À +AAC and siMSTN+Ang II groups ( Figures 5A-5D ). Simultaneously, MSTN could promote PPARg protein expression ( Figure S6 ). These results revealed that the PPARg/NF-kB pathway also participated in the modification of cardiac autophagy and hypertrophy. Especially under the MSTN deficiency circumstance, the PPARg/NF-kB pathway might speed up the process of cardiac autophagy and the development of cardiac hypertrophy. To further test the hypothesis that MSTN played an essential role in mediating cardiac autophagy and hypertrophy by the PPARg/ NF-kB pathway, we silenced PPARg ( Figure S7) Figure S8F ).
In the subsequent experiments, we further used TargetScan software to predict a conserved binding site for miR-128 in the 3 0 UTR of the PPARg gene ( Figure S9 ). miR-128 was transfected into cultured neonatal rat cardiomyocyte to test this binding profile, and the results showed that the decreasing protein levels of PPARg induced by Ang II were more reduced. Conversely, PPARg protein was significantly upregulated when AMO-128 was transfected into neonatal rat cardiomyocyte, indicating that PPARg was negatively regulated by miR-128 ( Figure 6F ). To further verify that miR-128 directly targeted PPARg, we prepared luciferase constructs carrying the PPARg 3 0 UTR ( Figure 6G ). Co-transfection of miR-128 with the luciferase reporter vector into HEK293 cells caused a sharp decrease in luciferase activity compared with transfection of the luciferase vector alone. The miR-128-induced depression of luciferase activity was rescued by mut-PPARg. These results experimentally revealed that PPARg was a direct target of miR-128.
Effects of MSTN on the Expression of miR-128
Here, to detect the relationship between MSTN and the miR-128 signal pathway, we assessed the expression of miR-128 by quantitative real-time PCR. Our results revealed that miR-128 was significantly more increased in KO MSTN rat heart and silenced MSTN neonatal rat cardiomyocyte ( Figures 7A and 7B) , whereas MSTN significantly decreased miR-128 expressions in both transgenic hearts and cell preparation ( Figures 7C and 7D ).
DISCUSSION
Cardiac hypertrophy is a common pathological feature of some major cardiovascular diseases, such as hypertension and myocardial infarction, and is strongly associated with a significant increase in the risk for heart failure and sudden cardiac death. However, very little is known about the role of MSTN in cardiac hypertrophy induced by abdominal aortic constriction. In the present study, we provide a novel understanding of MSTN on molecular events of cardiac hypertrophy and ventricular dysfunction after abdominal aortic constriction.
There are two major findings of the current study. First, MSTN deficiency in rats exacerbated AAC-induced cardiac hypertrophy and Autophagy is evolutionarily utilized by eukaryotic cells to recycle cellular waste into reusable, biologically active monomers and thereby maintain homeostasis. 26, 27 Essentially, it is a normal physiological process, but the uncontrolled autophagic response plays a crucial role in pathophysiological changes of various diseases. [28] [29] [30] Some recent studies have suggested that high levels of autophagy may aggravate cardiac hypertrophy. Our data showed that rat induced by AAC for 10 weeks or neonatal rat cardiomyocytes stimulated with Ang II over 24 h resulted in hypertrophic phenotypes, in parallel with excessive cardiomyocytes autophagy, suggesting potential involvement of cardiac autophagy in the development of cardiac hypertrophy. Interestingly and surprisingly, in AAC or Ang II-induced cardiac hypertrophy, cardiac autophagy (in vivo and in vitro) was aggravated in MSTN À/À rats and silencing MSTN cardiomyocytes, whereas AAC or Ang II-induced cardiac or cardiomyocytes injury and excessive cardiomyocytes autophagy were greatly attenuated in rats or cardiomyocytes treatment with MSTN, respectively. However, MSTN KO did not produce spontaneous cardiac hypertrophy, which could have contributed to a compensative effect of other molecular regulators, in the complex organisms of the heart, on the loss of MSTN function in MSTN À/À rat. Nevertheless, we demonstrated that MSTN acted as an endogenous cardioprotective regulator against pressure. These results strongly indicated that MSTN exerted a protective effect against stress-induced cardiac hypertrophy via inhibition of excessive cardiomyocytes autophagy.
Autophagy in cardiomyocytes is a complex process that can be controlled by several signaling pathways. The AMPK/mTOR is one of the major pathways to regulate autophagy. Meanwhile, Zhang et al. 31 reported that MSTN negatively regulated the levels of AMPK in peripheral tissues, and thus influenced insulin sensitivity.
To further delineate the potential mechanisms by which MSTN exerted a protective effect on stress-induced cardiac hypertrophy, we first investigated the AMPK/mTOR signaling pathway leading to autophagy activation. The data obtained from both in vivo and in vitro experiments pointed out that the stress-induced increase in phosphorylated levels of AMPK and decrease in phosphorylated levels of mTOR were further aggravated by MSTN KO in rat or in MSTN knocking down neonatal rat cardiomyocytes; conversely, upregulated activity of AMPK signaling by AAC or Ang II was greatly attenuated by treatment with MSTN. This result strongly revealed that there was an inevitable signal conditioning relationship between MSTN and the AMPK/mTOR pathway. More importantly, stressinduced cardiac hypertrophy and excessive autophagy could be ameliorated by treatment with MSTN both in vivo and in vitro, and this effect was abolished in mTOR knocking down neonatal rat cardiomyocytes. These results together suggested that MSTN could inhibit excessive cardiac autophagy by blockade of the AMPK/ mTOR pathway.
NF-kB is known to control multiple cellular processes, and several molecules involved in autophagy are dependent on NF-kB. 32, 33 Moreover, cumulative evidence indicated that PPARg could suppress NF-kB activation by several mechanisms and then repress NF-kB-mediated transcription for certain inducible genes. 34 Therefore, we tested whether the effects of MSTN, inhibition of cardiac hypertrophy and excessive autophagy, were also linked to the PPARg/NF-kB pathway. First, we found that in MSTN À/À rat under AAC or in MSTN knocking down neonatal rat cardiomyocytes treatment with Ang II, the PPARg expression was more decreased and NF-kB more increased, whereas this effect could be reversed in PPARg knocking down neonatal rat cardiomyocytes. Indeed, this result strongly implied that the PPARg/NF-kB signaling pathway was also involved in the regulation of cardiac hypertrophy and autophagy by MSTN. Further, when the PPARg was silenced by siRNA technique, the effect of MSTN on anti-hypertrophic and anti-autophagy was abrogated. Similarly, these results together revealed that PPARg/NF-kB was another anti-hypertrophic and anti-autophagy signaling pathway regulated by MSTN.
miRNAs, as regulators of a wide range of biological processes, often participated in the pathogenesis of specific diseases, including heart disease. 35, 36 However, no direct evidence indicates the role of MSTN and miR-128 or the underlying regulatory mechanisms between MSTN and miR-128 in the pathological process of cardiac hypertrophy. In this study, MSTN remarkably decreased the expression of miR-128 compared with the model of cardiac hypertrophy. Indeed, this result strongly revealed that there was an inevitable www.moleculartherapy.org signal conditioning relationship between MSTN and miR-128. In addition, we used both gain-and loss-of-function techniques on miR-128 expression to explore the regulatory effect of miR-128 on pro-hypertrophy action. We found that forcing overexpression of miR-128 could significantly promote the development of cardiac hypertrophy and excessive cardiac autophagy in vitro. On the contrary, these changes could be significantly reversed by AMO-128. Furthermore, to explore direct miR-128 targeting, we used miRanda software to predict the target genes of miR-128. We also found that PPARg was most likely a target gene for the miR-128 simply because of the conservative sequence fragment among different species, which was fully supported by the notion that, by using a luciferase reporter gene assay, as well as protein expression detections, PPARg as a direct target of miR-128 was validated. Taking all of the data together reported here suggested that miR-128 promoted cardiac hypertrophy via targeting PPARg and could be repressed by MSTN.
In summary, we demonstrate that MSTN significantly blunts pathological cardiac hypertrophy and dysfunction, at least in part, by inhibiting excessive cardiac autophagy via the AMPK/mTOR and miR-128/PPARg/NF-kB signaling pathways, as summarized in Figure 8 .
These findings suggest that MSTN may be a potential therapeutic target for the prevention and treatment of cardiac hypertrophy and heart failure.
MATERIALS AND METHODS
Creation of MSTN KO Rat and Sequencing Confirmation
MSTN KO rats were constructed, and detailed information was as described in Yong's paper. 37 In brief, Zinc Finger Nuclease (ZFN) constructs were designed to target the genomic region around rat mstn exon 1 and were tested for their efficiency in the rat cell line. Then ZFN construct was injected in one-cell fertilized eggs. Injected eggs were transferred to pseudopregnant females. Next, to identify the modifications in founders, we extracted genomic DNA from the tails of newborn (10 d) rats using the salting-out method. PCR was performed to amplify the MSTN sequence with the primers 5 0 -GGCA TGGTAATGATTGTTTCCGTG-3 0 (forward) and 5 0 -TTTACCTGT TTGTGCTGATTGCTGC-3 0 (reverse). Then the PCR products were digested by ClaI restriction endonuclease at 30 C overnight and fractioned on a 2% agarose gel.
Pressure Overload-Induced Cardiac Hypertrophy
All experimental procedures conformed to the Guide for the Care and Use of Laboratory Animals (Eighth Edition, 2011) published by the NIH. This study, including any relevant details, was approved by the Experimental Animal Ethic Committee of Harbin Medical University. AAC was performed by following previously described methods. 38 In brief, age-and sex-matched rats were anesthetized with sodium pentobarbital (40 mg/kg intraperitoneally [i.p.]), and the abdomen was opened on aseptic conditions. Under sterile conditions, the abdominal aorta was separated for a 1-cm segment above the double renal artery. Then AAC was achieved by tying a 7-0 silk suture around the abdominal aorta against a diameter of 0.5-mm silver needle. After ligation, the needle was gently removed before the abdomen was sutured. The rats were divided into six groups randomly: WT group (underwent laparotomy only, not for abdominal aortic constriction); WT+AAC group (underwent laparotomy; abdominal aortic constriction for 10 weeks); MSTN À/À group (underwent laparotomy only, not for abdominal aortic constriction); MSTN À/À +AAC group (underwent laparotomy; abdominal aortic constriction for 10 weeks); WT+ AAC+MSTN group (underwent laparotomy and abdominal aortic constriction, then injected i.p. with MSTN [120-00; PeproTech] at 50 mg/kg/day for 10 weeks by subcutaneous injection); and WT+MSTN group (injected i.p. with MSTN at 50 mg/kg/day for 10 weeks).
Echocardiography
Echocardiography was performed using a VisualSonics Vevo 2100 instrument (VisualSonics, Canada) at the indicated time to evaluate the cardiac function of the rats, as previously reported. 39 After anesthetization with sodium pentobarbital (40 mg/kg i.p.), the rats were placed in a supine position. A 6-MHz transducer was applied to the left hemithorax. The hearts were imaged in the short-axis view at the papillary muscle level of the left ventricle. LVPWd, LVPWs, IVSd, IVSs, LVFS, and LVEF were calculated.
Electron Microscopy
The small pieces of fresh heart tissue were immersed in universal fixative (1% glutaryl-aldehyde, 4% paraformaldehyde [pH 7.4]) immediately after biopsy, postfixed in 2% osmium tetroxide, dehydrated in graded acetone, and embedded in an Epon-Araldite mixture. Selected blocks were thin sectioned, mounted on copper grids, and contrasted with uranyl acetate and lead citrate. The grids were examined in a Hitachi H7650 transmission electron microscope (Hitachi, Tokyo, Japan). Quantitative analysis of autophagosomes was carried out using 10 images from different fields, with the investigator blinded as to the origin of each image. Autophagosomes or autolysosomes were identified by the characteristic www.moleculartherapy.org structure of a double-or multi-lamellar smooth membrane completely surrounding compressed mitochondria or membranebound electron-dense material.
Hematoxylin and Eosin Staining
The hearts were excised from animals sacrificed 10 weeks after the AAC or sham operation; then paraffin-embedded hearts were sectioned. These sections were stained with hematoxylin and eosin (H&E), and the histopathological abnormalities were investigated under the light microscope. The photographs were captured with an Olympus BX60 microscope (Olympus Optical, Tokyo, Japan). Ten myocytes were randomly selected per field of view from about 10 fields of view of each heart sample at a magnification Â200. Finally, quantitative analyses were performed by using a quantitative digital image analysis system (Image-Pro Plus 6.0).
Neonatal Rat Cardiomyocytes Culture and Adenoviral Infection
Neonatal rat cardiomyocytes were isolated and cultured as described. 40 In brief, neonatal rat cardiomyocytes were prepared from 2-to 3-day-old neonatal Wistar rats. The neonatal rats were anesthetized with dry ice (CO 2 ) and then immersed in 75% (v/v) ethanol. The ventricles were finely minced and placed together in 0.25% trypsin. Collected cell suspensions were centrifuged and resuspended in DMEM (GIBCO and Thermo Fisher Scientific) supplemented with 10% fetal bovine serum (FBS; GIBCO and Thermo Fisher Scientific). Then all cells were cultured at 37 C with 5% CO 2 followed by a 90-min preplating (in order to eliminate the few non-myocyte cells remaining). After 90-min preplating, the cell suspensions were transferred to the other culture flask. 
Immunofluorescence Staining
Immunofluorescence staining was performed to detect the neonatal rat cardiomyocytes size. In short, the cells were cultured on coverslips and received the desired treatment. At the end of the treatment, the cells were washed with PBS, fixed with 4% paraformaldehyde, and permeabilized using 0.2% Triton X-100. Cells were incubated with sarcomeric a-actin at 4 C overnight. Then the second antibody was incubated in the dark. In the end, DAPI (Beyotime Biotechnology, Shanghai, China) was counterstained for the identification of nucleus. Photographs were acquired by using fluorescence microscope (Leica, Heidelberg, Germany). Finally, quantitative analyses were performed by using a quantitative digital image analysis system (Image-Pro Plus 6.0).
Luciferase Assays
The PPARg 3 0 UTR containing the miR-128 target sequences (position 82-88) and mutant sequences (a single-base mutant in the 3 0 UTR) was chemically synthesized (GenScript, Nanjing, China) and cloned into (HindIII and SacI sites) the pMIR-REPORTTM luciferase miRNA expression reporter vector (Ambion) to form a chimeric plasmid. HEK293 cells were transfected with either PPARg 
Western Blot
Protein samples (50 mg) were separated in SDS-PAGE and transferred onto a nitrocellulose membrane. The blots were blocked with 5% nonfat milk for 2 h at room temperature, then incubated Total RNA from cultured neonatal rat cardiomyocytes was extracted using TRIzol reagent (Invitrogen) following the manufacturer's protocol. cDNA was synthesized by a High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). The level of miR-128 was determined using the SYBR Green I incorporation method on an ABI 7500 Fast Real-Time PCR System (Applied Biosystems), with Rnu6 (U6) as an internal control. Relative quantification of gene expression was performed with the 2 ÀDDCt method. The sequences of primers were as follows: miR-128, forward 5 0 -CGCGTCACAGTGAACCGGT-3 0 reverse 5 0 -AGTGCAGGGTCCGAGGTATT-3 0 reverse transcriptase primer: 5 0 -GTCGTATCCAGTGCAGGGTCC GAGGTA TTCGCACTGGATACGACAAAGAG-3 0
Tandem mRFP-GFP Fluorescence Microscopy
Cells transiently expressing GFP-mRFP-LC3 were treated as designated and were then observed by laser microscopy. At least 10 cells in three independent experiments were analyzed randomly, with the investigator blinded as to the origin of each image. The number of GFP and mRFP puncta per cell was determined using Image-Pro plus 6.0. A cell was considered to be autophagic if more than 10 puncta were present in that cell.
siRNA Treatment siRNA duplex sequences corresponding to MSTN (5 0 -AAGATG ACGATTATCACGCTA-3 0 ), mTOR (5 0 -UGAACCCUGCCUUUG UCAUGC-3 0 ), PPARg (5 0 -AAGCCCUUCACUACUGUUGAC-3 0 ), and a non-specific control (5 0 -TTCGTAAGAGACCGTGGATCC TGTC-3 0 ) were prepared, respectively, as described by the manufacturer (Sequitur). Neonatal rat cardiomyocytes were grown in medium lacking doxycycline for 24 h and then transfected with siRNAs 
Statistical Analysis
All data were expressed as mean ± SD. Statistical analysis was performed using one-way analysis of variance followed by Bonferroni test (equal variances assumed) or Tamhane's T2 test (equal variances not assumed). Two-way ANOVA test was performed to compare significance between two distinct independent variables. Differences were considered to be statistically significant when p <0.05.
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